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Methods of Analyzing Grou; Tasks

Gordon O'Brien
University of Illinois

ABSTRACT

Y

group tasks can best be approached from a theoretical rather than empirical

In this report, it is argued that description and classification of

or factor analytic perspective, It is pointed out that zievious attempts at
task ciassification generally focus on one of three aspects of the task and
group situation, The iiterature of group task analysis dealing with each of
these aspects is then reviswed, and it is pointed out that each kind of task
classification can be comprehended as an attempt to discriminate diffexent
relations existing betweccn various elements of the task and group structure,
The contribution of these attempts to a theoretically useful taxonomy of tasis
is evaluated,

Structural role theory is introduced as a theoretical framework which
leads to a system for classifying tasks. Digraph theory and matrix slgebra
are then applied to the problem of task definition, and indices for the measure-
ment of some important group task dimensions (inter-position collaboration,
intor-position co-ordination, irter-task co-ordinaticn, and goal path multipli-
city) are derived, The report concludes with a brief discussion of the prob-
lems and advantages of application of the structural role theory method cf

task analysis, N;




Methods of Analyzing Group Tasks1

Gordon O'Bri "
University of Illinois

Earlier work by Fiedler (1965) shows that the performince of culturally
heterogonsous groups i3 determined partly by the nature of the group task,
Homocultu...l groups perform better than heterocultural groups only on certain
tasks, This finding suggests that task characteristics deserve closer attention,
It would be desirable to know what kinds of task are likely to produce differen-
ces in performance between homocultural and heterocultural groups, Fiedler has
so far classified tasks along a structural dimension (structured-unstructured),
It is possible that other task dimensionrs will be important for the understan-~
ding of group process (e,g., co-operation requirements, difficulty). This
report will therefore consider some possible ways of classifying tasks and
provide a method of analysis which should be useful in subsequent research on

the determinants of group effectiveness,

I. The Purpose of Task Analysis
The literature of small groups and organization theory, has, during the

last fitieen years, provided a number of reasons for studying group tasks,

lThis study was partly supporte \ by ARPA Order 454, Contract Nr 177-472,
Nonr-1834(36) with the Advanced Research Projects Agency and the Office of
Naval Research to study ''Communication, Cooperation and Negotiation in Cultural-
1y Heterogeneous Groups" (F, E. Fiedler, L, M, Stolurow, and H, C, Triandis,
principal investigators), "2 remainder of the work was supported by an
(fustralian) Commonwealth Post-Graduate Award which was held by the author in
1965-1966 at the University of Melbourne, Australia, The author participated
in the Structural Role Theory Project (Principal investigator, Oscar A, Oeser)
in the Psychclogy Department at Melbourne University, Consequently, this re-
port has benefited considerably from the advice and encouragement of Professor
Oeser, Head of the Department of Psychology, Melbournc,




These may be briefly listed:

(1) Taxonomy. In personality analysis, persons are described and com-
pared using & number of general categories and dimensions, The classification
of personality types is a necessary prerequisite for the precise statement of
hypotheses and generalizations concerning the relation of personality to
specific behaviors. Sinilar.y, the statement of categories and dimensions of
group tasks should orovide a way of identifying different task types and a way
of comparing their differential effects on group behavior,

(11) Generalization, Studies in social psychology are carried out in

specific situations, whether these be in the laboratory or in natural settings.
Results obtained from these studies are often applied to other situations with-
out & careful examination of the validity of such extrapolation, The appro-
priateness of generalizations should be docidalupon after a congideration of
the degree of resemMlance between the significant featurcs of the situatious
involved. One of the significant features common to all group situations 1is
the task, and task analysis would therefore help social psychologiets to evalu-
ate the gereralization range of their findings, Findings derived firom studies
ir the laboratory, for example, may not be directly applicable to actual or-
ganizations becausie there are marked differences in the tasks which are per-
formed in the two settings (Golembiewski, 1962; wéick, 1965),

(111) Theoretical integretion., If the task of a group is to be treated

seriously, and not just dismissed as a difficuit si<uational variahle which
needs to be controlled, then a way of relating task characteristics to other
elements of group structure is needed, Task aunalysis would provide a means

of meetinyg this need, Many writers have emphasized the importance of task
analysis for theoretical integration in social psychology (e.g., Carter et al,,
1950; Roseborough, 1953; Rovy & Lanzetta, 1958; Hare, 1962; Shaw, 1963; Oeser &
Harary, 1962, 1964; Anderson & Fiedler, 1964; McGrath, 1968; McGrath & Altman,

1966),

LT e -~
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(iv) Descrigtion. Inclusion of task analysis in a conceptual scheme should
help to interpret and explain a vider range of findings, It should als~ lead
to finer description of group behavior, Different activities may be associated
with different aspscts of group structure. ¥Wwhere task is treated as a major
eleoment of group structure, then observation of group activities will distin-
guish activities largely associated with task perfcrmance from activities which
constitute interpersonal behavior, Thus, Baies (1950) distinguishes task
functions from socio-emotional functions in his method of process analysis,
Task activities are also deliberately separated from ''personal’ activities in
the research of Herbst (1952, 1953); Wilson, Trist & Curle (1952); Rice (1958);
and Trist et al,, (1963), This separation forms the basis for a comprehensive
behavior cdescription which, in turn, is the foundation of a theoretical struc-

ture which relates task analysis to social behavior,
IX1. Possible Types of Task Analysis

Apalysis of group tasks involves an examination of 'he ways in which the
task can be related to other features of the group structure. In some ways,
this analysis is similar to the method of describing the meaning of a theoreti-
cal term, The main similarity stems from the "relational' quality of tasks and
theoretical terms. A theoretical construct is related to other theoretical
constructs, logical terms, and data terms by a set of syntactic and logical
rules, Specification of these rules duscribes the actual and possible ways in
which the construct is connectad to other elements of the theoretical system,
In this way, the meening of the construct is demonstrated, Similarly, the
analysis of a task is given by describing the permissible relationships butween 3

2
it and other elements of group structure,

T Lt

2It is possible to analyze tasks in a purely empirical or atheozetical
manner., For example, Haclman (1966) and Morris (1968) classified tasks in terms
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Considered in this way, task analysis is imevitably associated with a

set of concepts of group struciure and relationships, Whatever set of con~-
cepts 1s used to describe groups, reference is made to two aspects of groups
(other than tasks)., These aspectz are assoriated with persons who are mem=-
bers of the group, and an organization which structures the relationships be-
tween persons, Using these general and rataer vague notions of ersons and
organization, types of task analyses may be described,

(a) Task-task analysis, Bc.e the task 1s considered in relation to itself,

The task is considered as a system with component parts and relations, and par-
ticular tasks are described in terms cf a particular "configuraticu" in the
component parts,

(b) Task-organization analysis, 1In this kind of anal ysis, a particular

task is described through examination of the relationships holding between the
task system and the organizational structure.

(c) Task-person analysis. The final kind of task description is achteved

when characteristics, abilities, and states of persons are related to specific
characteristics of the task,

At present, these types of analyses will not be examincd in detail, This

of qualitative descriptions of the task instructions (''produce" or "discuss"

or "solve''). These descriptions did not state any relationship tc group struc-
ture and this was done deliberately, for they tried to determine the consequen-
ces for group structure and behavior of the task types. Their work must there-
fore be viewed as a prelude to task analysis., The approach of Altman (1966a,
1966b) is also an empirical one, although he does use an arbitrary classifica-
tion scheme for describing task behavior., Altman maintains that the analysis of
group tasks should be based on a classification of the group behaviors whi:

they produce, Nence, the complete analysis of group behavior must await the
result of systematic studies of the relationship between tasks and group be~-
havior. The importance of relating task analysis to behavior cannot be disputed,
but it appears that this can be best done when there is available a way of
describing tasks independently of group behavior,
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w1ill be done in the course of a review of current methods of analyzing tasks,
They are mentioned at this point because they serve, firstly, to illust.ate
what is meant hy the "relational" quaiity of task analysis, and secondly,
because the three types help to clessify existing methods of analysis. The
following bdrief review of methods of group task analysis will reveal that
rmost methods can be classified as belonging to one or another of the three

types above,
I1I. Review of the Literature on Group Task Anaiysis

This review has two aims, Tho first aim is to organize existing methods
of analyzing group tasks, The second aim is to evaluate the contribution of
the various types of analysis to the construction of a generel taxonomy of
tazks which is, at the same time, theoretically useful. It is realized that
most of the schemes and classifications to be considered were conatructed for
immediate and specific purposes., Se¢, in some ways, any criticisms of these
approaches will be unfair, Lafitte is correct when he states that "any scheme
of job description, analysis or classification is as good as any other so long
as it serves its purpose" (Lafitte, 1958, p. 66), However, it is stfll
reasonable to see if purposes other than those intended are also achieved,

Any criticism made then, in the course of this review, does not imply that the
relevant analysis 1is unsatiffactory when judged against its own aims,

Task-Task Analysis

Because of the '"'individual" orientation of social psychology, there sre
few accounts which treat tasks independently of perscns and group organization.
Task-task analysis is characterized by a concern with the division into sub-
tasks and the relationships which order the sub-tasks, In the study of flow
charts, or work study, the group's (or organization's) goal is broken up into

a set of sub-tasks or "operations" which are ordered by temporal relationships
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with verious modalities, The temporal relationships indicate the order of
precedence for the sub-tasks while the modality refers to whether a sub-task
"may' or "must" occur after a certain sub-task. In critical patk analyris
(Shaffer, Ritter & Meyer, 1965), the group task is split up into sub-tasks
which are then given an estimated completion time, The sub-tasks arc then con-
nected by lines which represent precedence relationships on the sub-tasks,
After these relationships have been specified, a "critical path” joining the
sub-~-tasks 1s ~alculated, This path shows the most efficiont wey in which the
total task can be completed, Work engineers are interested in this method of
task analysis because efficiency is increased and costs lowered, Occasicnally
this kind of task analysis in a simple form is used by psychologists, For
example, Guest (1962) observed that poor productivity and negative social
relationships in an automobile factory were pa*tly due to inappropr .ute sub-

taesk engineering on the assembly line, Another example is given by Katz and

Kahn (1980), 1In considering what leadership style was effective for supervisors,

they used an analysis of the work grour task which described it in terms of
two sub-tasks~---nlanning and actual operation on materials, Both of these
exanmples refer to instances where the investigator used a simple type of task-
task analysis for the purpose of understanding social behavior in a specific
situation. Analyses which are general in their application are much rarer

in occurrence, One example of a general approach is Roby's treatment of sub-
task phasing in small groups {1962), Roby was concerned with the problem of
defining and ordering task segments and the consequences of particular task
phasing for grcip behaviors,

Task-Organization Analysis

The second kind of group task analysis is largely concerned with describing

hov tasks may require the group to organize itz activities in various ways,
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Within this class of analysis, two major types may b~ discerned, Tue first
type 1s based on a mechanical input-output model, while the second type des-
cribes the task in terms of co-operation requirements, The input-output analy-
sis will be considered first.

(1) Group task analysis in terms of input-output variables, Several

studies by Lanzetta and Roby on group task periormance were followed by a
theoretical paper oir the analysis of group tasks (Rcby & Lanzetta, 1958), 1In
this paper, they proposed a method of describing ''group-task' chara.teristics,
Essentially, each vask provided an "input" to a group which had to be dealt
with in a certain way if a epecified state of the physical environmcat was to
be changed or maintained. The performance of the task could be described using
four different sets of "events' (task input, group input, group output, task
output), This description of the group-task system is depicted schematically

in Figure 1 (after Roby & Lanzetta, 1958),

Event Sets
T1 G1 Go 10 'l‘1 (feedback)
kY] 877 >831 St >t
t12—~'———>/§ goZ\
13 iz %o to2 >tz
L 2} >t

14 >313‘///;fgo4 03
35 >Byq
Figure 1.

Roby & Lanzetta's paradigm for
the description of group tasks

The set of eveats (t seeses) Occurs in the general surrcundings of

11’ Y42

the group and the entire class of such events is denoted by 'r1 (""the class of

task input variables'), Examples of the events given include variation in
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"input displays,” and stress-inducing stimuli, G, designates the rlass of

i
group irnut activities which occurs within the group as a corsequence of Ti'
Examples include attending or Jbservational responses., Following the occurrence
of activities in Gi, ther> occurs group output activities (Go). Thage re-
eese) 1n the external environ-

2

went, These events constitute the class of task output variables To. Some sub-

sponsa@s lead %. . further class of events (tol, to

set of events in Tb generally forms the basis for evaluation of group perform-
ance,

Roby and Lanzetta link the group input and output events to certain posi-
tions in the grour, Complete task description then involves the specification

of the appropriate task events T, , together with the distribution of Gi and

1’
Go activities which are associated with the varinus group positions. This task
analysis then involves the description of the ''physical’ properties of the task,
specificatior of the grop "activities” required, and 1listing of the ways in
which these activities are allocated, At a later stage oI their article, they
consider that tasks can be further described in terms of more abstract crgani-
zational requiremert¢s., Thuse requirements are called "critical demands" and
are of three types. The first demand is orientation which denotes the function
of determining the condition of variables in t' e task environment., The second
demand 1is mapping, "the process by which a group anticipates or learns the

consequencus of various action alternatives under vurious environmental con-

diticns' (Roby & Lanzetta, 1958, p. 96). The final demand is jurisdiction,

and this refers to the prcesses whereby response actions are chosen and de-
cis*ons implemented,

This aralysis stresses the close relationship waich exists Letween a
group task, group organization, and individual activities, Furthermore, it

maintains that group tasks may be characterized by the group processes which
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they induce (or "demand'), Its usefulness as a method of task analysis, how-
ever, appears limited because (a) of the lack of clarity in key terms like
"event'' and "action,” (b) the "input-output'’' dichotomy Jdoes not provide a means
of analyzing the sets of behaviors that intervene between the reception of
.nformation .nd the final goal achievement activities (for instauce, how arve
these activities understandable in terms of structural dimensions such as
power and communication?), (c) no infocrmation is given about the dimensions
used for describing task variables, (d) the analysis seems to be applicable to
only a limited number of tasks, These are tasks which require individuals to
deal with changing sources of "information'’ ‘'~cording to a clear.v defined set
of observations and procedures,

Another analysis which classifies tasks in terms of their requirement for
organization is that of Christie (1956), The task is viewed .s a problem in
information handling; as an input ani output to the group, it is described by
its content, form, time, and Locus, The task is algo defined by the operational
modes iuposed on the group, and by the organi-ations developed by the group,
Like the analyses of Roby and Lanzetta, group organization is evaluated
through assessing its information handling characteristics, This approach
tends to neglect the systematic study of the crganization as a determinant
« t task performance. Either tle organizational s.-ucture is defined by its
information processing fuactions without description of the organizational
etructure as a system independent of task, or else only one type of organiza~
tional structure is treated. This latter procedure is adopted by Christie who
concentrates on the communication structure, Another similarity of the Christie
analysis to that of Roby and Lanzetta is in the small range of tasks to which
it can be applied, Tasks involving the synthesis of elements of verbal or
written information are the concern of Christie's analyeis, and it has been

applied only to the kind of task traditicnally used in the communication network

—— —— . —
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studies (Bavelas, 1950; Leavitt, 1951; Shaw, 1964),

(1) Group task analysis and co-operation requirements. A nunber of

writers have described tasks by examining the ty).- of allccation required for
task performance (Lewis, 1944; Thomas, 1957; Kelly & Thibaut, 1959; Fiedler,
1964; McGrath, 1965; Weick, 1965),

(a) Cumulative interdependence, This kind of interdependeace occurs when

the product which one person produces becomes the input for another person.
Assembly line tasks typically have high cumulative interdependence. The stan-
dari of task performance of any person is limited by the quality of tl> input
which he receives., Group tasks of this type are described by Lew.s (1944)
using the terms "spacialization of labor,”’ while Thomas (1957) refurs to this
type of interdependence in terms of high ''facilitation in means control,”

(b) Disjunctive interdependence. Disjunction exists when group task

eccomplishment depends on one person in the group performing the appropriate
task, Once this task is complated by one person, ‘he group task is alsc com-
pleted (Thibaut & Kelly, 1959, p. 62). The appropriate action does not neces-
sarily devend on any prior subh-task performance. A disjunctive task requires
minimal interdepeundence, Because only one person needs to produce the solu-
tion, "a disjunctive task permits group members to work irdependencly without
communication or ccordination of their efforts' (Thibaut & Kelly, 195¢, p. 163)
Examples of disjunctive tacks would be presented where there are group
tasks requiring one "correct' solution, e.g., in logical or rplanning tasks,
A group of advertising executives convened to cho00=z a new slogan for a pac-
duct, has high disjunctive 3ianterdependence,

(c) Conjunctive irterdependerce, With a conjunctive group task, all mem-

bers have to make a specific response if the group is to succeed (Thibaut &
Kelly, 1959, p. 162), With this type of task, each person must complete his

sub-task, or else the group is unproductive, When a group is required to

LN
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achieve consensus in its opinions or ettitudes, then conjunctive interdepen-
dence is high,

Analysis of tasks using the idea of interdependence focuses on the way
ir which sub~tasks are distributed amongst persons or positions in a group.
This irind of task analysis is especially promising for the study of interper-
sonal relationships in work groups, The types of informal relationships (e.g.,
affective, communicative) which are found may be eeszsily related to the kind
of group task and its associated type of interdependence., There are a number
of difficulties in this type oif analysis, how.ver, which need to be met before
it can be rigorously applied to the study of group performance, One difficulty

derives from the fact that group tasks often require various combinations of

interdependence. Another difficulty is due to the classificatory nature of
this analysis. Eventually,6 the analysis should provide a way of measuring the
amount of a given kind of interdenendence present in a particular group task,
At present, group tasks are merely assigned to one or another of the specified
categories,

Task-Person Analysis

A group task mav be related to persons in a number of ways, Firstiy. a
group task may require that giroup members possess certain skills or abilities,
Secondly, the group task may determine to a .large extent the number and kinds
of activities in which a person engages. Thirdly, a group task may affect the
opinions and attitudes of persons, These attitudcs may be related directly
to the task or to other persons involved in the task situation,

Analysis of tasks which concentrate on the task-person relationships are
found mainly in the wriiings of industrial psychologists who have been preoccu-
pied with the problem of fitting a person, or a group of persons, tc the work

tesk, A common approach is known as iob analysis where the activities of
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workers are studied withcut direct reference to the job or product involved
(Paloer & McCormick, 1961), McCormick's work involved appli-
cation of factor analysis to description of worker activities associated with
various jobs, liis results suggested that the variety of human work activities
could te identified or measured using a relatively small number of independcant
dinensions,

The description of "activities" is a first step to the specification of
skills ~equired for a group task, If a group task requires some people to
perform arithasetical operations, then soxe persons assigned to the group should
be skilled in arithmetic., Thus, tasks have also been analyzed by listing the
skills required in the persons assigned. Perscnnel managers and vocational
guidance officers have their particular "job requirements' 1lists, but more
general classificatory systems have been developed which attempt to organize
Job requirements usinz a limited number of independent dimensions (Coombs &
Satter, 1949; McCormick, Finn, & Scheips, 1957),

This way of describing tasks complements the previous task descriptions
tkrough its emphasis on the effect of personal characteristics on task perform-
ance, Task performance is influenced not only by the formal task structure
and the group organization assoclated with this task organization, It is also
affected by the distribution of persnnal characteristics and skills required
for its completion, It may also be characterized by the degree to which the
skills required by the task are matched t the abilities of the group members,
One way of describing this matching is by saying that the task is more or less
difficult, Difficulty level has been used by ilorrissette, Pearson, ard Switzer
(1965) to define task types, They defined difficulty levels using a mathematical
formula for entropy. In information theory, eztropy defines the degree of
rendomness of events emitted by an information source, Eniropy values ok lred

using information thecry definitions were taken as measures of task difficulty,
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By using a particular task in various communication nets, Morrissett~ et al,
found that their definition of task difficulty corresponded closely to task
difficulty as quelitatively defined. This analysis of tack prc¢perties should
make possibly a more precise study of the interactive effects of task difficul-
ty, task load, and communication structure upon group performance, Ius range
of application, however, appears to be limited to communication network studies.
The analysis deals with but two dimensions, difficulty and task load, and is
appropriate only for tasks which have an objective solutinn attained through
the exchange of "information" among all members of a group,

A final way of describing tasks throueh their relationship to persons,
focuses not on personal skills and activities, but on internal states and needs.
A task may facilitate or hinder a person in his attempt to satisfy or express
certain needs, These methods of task analysis have been employed by workers
of Tavistock Institute in their discussion of ''socio-technicsal’ systems
(Trist & Bamforth, 1951; Rice, 1958, 1963; Emery & Trist, 1960), These
sriters describe task organization not only in rel..tion to productivity, but
also in terms of its effect on personal satisfactions, Thus, Rice (1958, ch, 4)
characterizes primary work tasks by assessing the extent to which (a) the task
allows those engaged on it to experience the completion of the "whole' task,

(b) the task allows those engaged on it to contro) their >wn activities, and
(c) the task allows workers to form satisfactory personal relationships,

A number of other writers, working independently, have also defined tasks
in relation to personal satisfaction, and they provide further evidence Zor
belleving that the criteria listed by Rice not only differentiate tasks. but
they are also the (riteria which the worker himself associates with job satis-
faction, lafitt~ interviewed, from different factories, &« large number of

workers who performed a renge of jobs (Lafitte, 1958, ch, 4), Results showed
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that job sctisfaction was significantly relatad to the worker-defined dimensions
of cleanness, completeness (Rice's criterion (a) ), and independence {criterion
(b) ), Using these criteria, Lafitte was able to construct a classification

of jobs, D2aling with a narrower range of factory jobs--~-those involving
repetitive oparatione--Baldamus notea that workers gained satisfaction due to

a task prrperty which he terned ''traction" (Baldamus, 1961, ch, 4). Different
kinds of traction were postulated, but the ideas of 'independence' and 'com-
pleteness'' were closely associated with all forms,

Tasks have been 1elated to personal satisfaction in the laboratory setting
also, 7The significance of task "completeness’ for personal satisfaction has
been studied in the course of research into the Zeigarnik effect, while the
"control" dimension of tasks has been related to task performance by Trow (1957),
using a concept of "autenomy,” and by Mulder (1958) who used a similar concept--
"selt-realization,”

The description of tasks in terms of their consequences for personal
satisfaction has been used successfully in the development of productive work
groups, but so far the task description is linked too closely with the speci-
fic situations which were studied, A goeneral, abstract account would take
the analysis further by identifying what objective characteristics of tasks
¢ ° related to personal needs, Alszo, in many instances, it is not clear
whether "the task" refers to the organization of the sub-tasks, or the cross-
organization between the sub-task pattern and other properties of the group,
like power and communications structures,

Another difric .y concerns the application of this task analysis to
group tasks, It is fairly clear that sub-tasks can be classified by reference
to general needs and worker satisfaction, But a group task is composged of a
set of sub-tasks., If each sub-task is classified differently, using this

task-person analysis, how is the group task, considered as a set of sub-tasks,
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to be clasazified?

I1If a group task has four sub-tasks and two of them allow a worker a large
amount of control, whereas the other two give the worker little control, then
the group task might be classified as one which gives group members a medium
amount of control over their own activities. This single measure would obscure,
however, the differences among sub-tasks, It is probabie that knowledge of
such differences in sub-tasks would be more useful in explaining task perform-
ance than a holistic rating of the group task,

Scale Analysis of Group Tacks

A method of task analysis which is not easily fitted into the previous
classification is scale analysis, Shaw (1963) used a techuique for scaling
group tasks which is similar to that used by Thurstone and Chave (1929) for
attitude scaling., 7Ten dimensions of group tasks were postulated and 104 tasks
were scaled on eack dimension, After two successive factor analyses and on
certain theoretical grounds, six task dimensions were retained, They were
defined as follows:

A, Difficulty -- the amount of effort required to complete the task,

B. Solution Multiplicity -- the number of possible solutions deemed to

be correct, This dimension also included the number of alternatives
for task completion (goal path multiplicity) and the degree to which
accpe table solutions can be verified (i,e,, demonstrated :o be correct),

C. Co-ore¢ration Requirements -- a measure of the degree to which inte-

grated action of group members is required to complete the task,

Shaw found chat dimensions A, B, and C were the most stable, Other dimen-
sions were:

D, Intellectual Manipulative Reauirements -- the ratio of mental tc

motor requirements,
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E. Population Familiarity -- the extent to which the task is encountcred

by members of the "larger' society,

F, Intrinsic Interest -- the degree to which the task in and of itself

is interesting, motivating, or attractive to the group members,

Four of Shaw's original ten dizanstons (decision verifiability, goal
path multiﬁlicity, solution specificity, goal clarity) were used by Fiedler
(1963, 1968) to define the degree to which a group task is structured (its de-
gree of clarity or ambiguity)., Shaw's task dimensions differ in type. Dimen-
sion B (solution multiplicity) is defined by the formal or objective structure
of the task, Other dimensions (A, D, E) are defined by the skills and know-
ledge required by the group members, if the task is to be completed. Dimension
C is defined by aspects of group organization required if the task is to be
completed, while Dimension F is defined by one of many possible attitudes to
the task.

Scale analysis has resulted in the specification of task dimensions which
refer to a number of diffe.ent ways in which the task can be related to group
organization and member characteristics, These dimensions are stated very
broadly, and it seems that further Adevelopment should be in the direction of
establishing a set of concepts, this set allowing the relutionships between task
and group structure to be more finely described,

This review of the literature on group task analysis has shown that the
task can be defined by a set of relationships connecting the task structure
to other elements of the group, For the purposes of a comprehensive analysis
of tasks, most of the clessifications referred to deal with a limited number
of relationships, This deficiency is only partly explained by refereance to
the practical or more limited concerns of the authors, It is also ¢xplained
to some 2xtent by the absence of a conceptual scheme which defines the major

elemonts and relationships of group structure, If such a scheme® were available,




——___________——

17.

then a task analysis could be constructed which was both comprehensive and
precise. Also, content and precision could be given tc the ''field" or "system'
character of group +cructure, The value of a precize method of group des-
cription for the developmen. of a comprehensive task aunalysis will be shown

in the next scction,
IV, Task Analysis in Structural Role Theory

Havinz discussed the significance of the task system for the theory of
group structure, and reviewed some of the inadequacies of the literature, we
shall now us2 structural role theory to outline a system for classifying tasks
and defining some of their properties,

A structural role analysis of tasks endeavors to define a task in terms
of the totality of relations included in a structural role digrapb. The two
e: riier papers on structural role theory (Oeser & Harary, 1962, 1964) defined
"group structure" in terus of three elements and five types of relations. The
three element93 defined are:

task -- a primitive term meaning anything that has to be done (which thus

can inclule "mental" tasks);
person -- defined as a human being who has no relationships to other
humen beings except for those laid down by the rules of his
office, and no characteristics other than those prescribed for
uassigning him to the occupancy of a given position;

position -- defined as a location on an organization chart, a concept

3The three elements defined correspond to the three dimensions of the
group-task situation which are used by Fiedler (1964). These dimensions are
task structure, leader acceptance (interpersonal) and pesition power,
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which gains its meaning through being connected (a) to versons
by assignment relations, (b) to tasks by the allocation rela-
tion, and (c) to othLer positions by the power relation,

The terminology of digraph theory was used to iliustrate art describe how
any given sets of these three elements may be logically interrelated, The
terminology used in structural role thecry is summarized schematically in Figure
2 (after Oeser & Harary, 1962),

This postulated set of elements and relatioas is used to create 'ideal
tyne" group structureq, sinilar in kind to the institution "ideal types" des-
cribed by Max Weber (1949), Ideal tynes, when given empirical interpretation
through a set of co-ordinating definitions, are powerful devices for the com-

parative analysis of group structures and processes.5

’ Relations
H-graph Eé':‘:?\h R
. 1_ 2 3 0
H-P~-graph Lf/”’__;>~‘~\\\‘\ R3
P-graph pi——iﬁ—-pz P, ¥ Ry R
P-T-graph R4
n_ : -~
T-graph tl""“ >""‘1:2 > t3 Rz
Figure 2,

¥he schematic digraph, D, of a Structural Role System
(after Oeser & Harary, 1962)

4Ideal types, like mathematical models, are used to represent, at an ab-
stract level, the underlying logical structure contained in a set of descriptive
statements, The postulated set of elements and relations provides the abstract
categories to be used in conutructing spacific, yet abstract ideal types, Ideal
types are created for 'real" kinds of groups (e.g., "bureaucratic' groups, fac-
tory groumps, school grouvps) when a part.cular o.dering of elements by the rela-
tions is used., Ideal types are unlike mathematical models in that they are gen-
erally cousiructed from observations of empirical reality, Objects and relation~
ships are abstrircted frou concrete events in order to provide a logically con~-
sistent, ''idealized" description of that type of event,

5See Bendix (1962), and Martingdele (1959),

. e e—— e e




Terminology for Figure 2
D = the digraph of the role system
H= hl""hn = the set of persons
P = Pyeceep, = the set of positions
T= tl”"tn = the st of tasks
Ro = ROO’ ROI““ROn = the set of informal social relations
R, = the power relation
R, = the task precedence re.ation
R, = the person assignment relation
R, = the task allocation relation
R5 = the induved relation, persons to ‘asks
For the sxiomatic definition of these relations, see Oeser and Harary (1964),
In structural role theory, the analysis of group tasks is carried out by
consiuering the possible ways in which the group goal can be related to the
total set of elements and relations, Hence, the major advantages of this
conceptualization are firstly its ability to relate a port of the group struc-
ture (the task system) to the total structure, Content and precision oan thus
be given to the "field" or "system' character of group structure., Secondly,
because a formally adequate definition of structure is given, it is logically
possibia to describe group processes over time in terms of the sets of relations
on the elements. Thirdly, specifying the set of relations enarles a classifi-
cation to be made of the type of relations coannocting the tasks,

In any task analysis it 1s necessary to distinguish between five aspects:

(1) The formal analysis of the task: this consists intially of specifying

the number of sub-tasks and the set of precedence relationships (Oeser &
Harary, 1962, 1964) which may be used to order the sub-tasks. (Rz).

(11) The group organization required by the task: this requires specifi-

cation of what task elements are allocated to what positions (R4). and

- -
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the typus of power structures (Rl) required for task completion,
“°14) The skills and knowledge required to do the task, (R3).
< The attitudes which the individual members may have to the task, (Rs)\
(v) The individual's perception or '"image" of the task, which may differ
markedly fiom the actual task, or from how the individual's super- or
subordinates perceive it,

The rest of this report will consider some of the possible task relations

and outline some formal operations which provide a basis for the comparative

analysis of group tasks,

*o The Pergon-Task Relations6

Suppose two persons, h1 and hz, have been assigned to three positions,

pl, pz, 93, and five tasks have been allocated to these pnritions in the manner

shown in Figure 3,

Figure 3,

Digraph of a Role System

let numerical weights be given to the relationships in Ra (the rulcs cf
assignment) and R4 (the rules of task allocation), The weizhts must be ex-

prossed so that the following conditicns are met:

a+b=1,c=1,D+e+£f=1,G+h=1, 1+ =1,

v}

6
Th.' content of this saction is derived from a joint paper by Oeser and
O'Brier in Human Relations, (in press),
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The relations RS and R4 may now be represented in matrix form, The

awatrix M3 representing the R3 relation is:

' pl p2 pa ™~
h‘ a b o
M = )
3 h2 0 Te] c )

while the corresponding matrix M4 for R4 is:

" Y ta %3 % ts )
P1 d e .4 o‘ o
M4 = P2 o o g h o
P3 o 0 o i J
N

-

Their product MS = M3 . M4 gives an induced relation Rs with domain H and

range T, Oeser and Harary (.964, p. 11f) {llustrated the usefulness of this
operation for obtaining the induced relation of time distribution of people
directly to tasks (by eliminating positions),

This kind of analysis can be used for other purposes, It is possible to
specify attitudinal relations between persons and tasks, Consider the relation
of "valuing," Tris is an "informal" relation which is established when an indi-

vidual starts working at a task, Assume that hl has nl tasks and that the
measures of the intonsities of valuing are Vir Vgrssees vn . These measures
1

Similarly, for the n, tasks of hz, etc,

can be transformed so that n

21 =1"° 2
|

"1
The adjacency matrix of valuing, Mv' can now be written out for persons~-
tasks and this can be directly compared with the induced matrix Hs. Recall

that Ms defines the apportioning of time by each person hl to each task element
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t. as computed from the explicit structural rules of the organization, Mv de-

k
fines the apporticning of "valuing' as exreriencod by each h, for each t .
Consider the numerical examples of two matrices M5 and Mv (the M5 matr® £

ie taken from p. 14 of Oeser and Harary (1964) ).

v 5 N
t) t, t, t, 15
h 50 50 o 0 0
1
MMy = M =
b, L O 40 42 16 2
- <
h 20 8o 0 0 0
1
M =
v e 0 40 10 40 10
.

Both matrices, Ms and Mv, are ways of representing the person-task-rela-

tionships within a group. The first relation, M5,

formal, Thv properties of these relations can be investigated through further

is formal, the second in-

operations on the matrices; and euch relationship in Ms can be compared with
each relationship in MV. (For example, one uight enquiie what consequences
follow from the fact that although t, and t, have "tize-weights'' of 50, 50 for
person h,, ne nonetheless gives them "value-weights' 20, 80),

In the same way, each person can rate his liking for his various positions,
If he has one position only, the measure of his liking (at the first level of
psychonlogical analysis) will perforce be 1,0, If he has two pocitions, he may
apportion his liking in the ratio 0,6 to 0.4 and 30 on, Whatever rating measures
are used, they can be transformed so that their sum is equal to 1.0, The ad-
jacency matrix of "valuing' can be written for person-positions. This can be
compared with the adjacency matrix of positions-:asks, in which positions are
asiigned ''weights' by the rules of the organization, Thut is, the rules lay

down what proportion c¢f time is to be spent on each of the task elements alloca-

ted to a given position, and these pruportions indicate the ''weight" or
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"importance” of each tzsk element, It seems reasonable to assume that dis-
crepancies and fluctuations in productivity will be ccnnected with discrepancies
in the "vaiuing' weights attributed by persons to their positions and their

tasks, and the task "weights" attributed to taske by the rules of the organiza-

tion,

2, Position~Task Relations

The task allocation relation, R4, orders the set of positions and tasks,
Part of the formal role of a porition is given by specifying what tasks are
connected to the position, The formal role of position p is defined by the
digraph which contains p and all elements of the H, P, and T graphs adjacent
with p.

In Figure 4, the formal role of position Py consists of

(1) the assignment relationship (hl’ pl) )
(i1) the set of power relationships {(pl, pz), (pl. pafg
(111) the set of task allocation relationships (pl, tl). (pl, tz)

In an actual group, wilh a fixed number of positions and a c<ixed number of tasks,

the allocation of tasks to positions may vary considerably, Consider a simple

structure with two positions (p,, pz) and two tasks (tl' tz).

Figure 5 shows the posiible methods of allocating tasks to positions so

that at least one task is allocated to each position,
il

W
P € > P
2 t /\tz 3

Figure 4,

Relationships on position p1
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a) X ‘l, (3)
!
t

Py Py Py Py
@ \\\5i\<:fi:j N
t 1 t 2 t;r/ ‘I:2
Figure 5,
P-T Digraph

Inspection of these diagrams at once suggests a more preciss way of
specifying what is meant by "degree of co~operation,” JInsteud of the word

"co-operation” we shall use "collaboration,” which is a neutral term,

If a joint allocation of a task to a position is made, this requires that
hl and h)’ in position P, and Py must collaborate ., Therefore, one can inves-
tigate:

(a) the degree of nollaboration between Py» Py demanded by the structural

role system

(b) tne degree of actual or fancied collaboration,

Clearly, some situations demand more collaboration than others. Thus, in
Figure 5, situation 4 requires more collaboration than situstion 3, which in
turn requires more collaboration than situation 1, They differ on a dimension

of inter-position collaboration (as distinct from inter-task co-ordination which

will be discuased later),
For ordering groups on the degree of inter-position collaboration (Cpt),
it is desirable to have a formula which gives zero value to situations like

situationl, where there is no sharing of tssks at all, and a maximum value of

— o — o —— e
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1 to situations where all positions share all tasks,

A formula7 vhich satisfies this requirement is

LU e I~

1d(tJ) -n

pt n(m-~-1)

where 1d(tJ) = the in-degree of points tJ,

i.e,, the number of lines to t, from

J
the P-graph

n = number of tasks
m = number of positions,
The values for Cpt for the situations in Figure 5 are

Situation C
—_ bt

0.0
0.5
0.5
1.0

L T I

Sometimes tasks require inter-position co-ordination together with, or

instead of inter-position collaboration, Co-ordination between positiors is
required because the sub-tasks are ordered by precedence relationship. Consider
a group with two positions (pl, pz) and four sub-tasks (tl, t2, t3, t4). Some
of the ways in which the positions may be allocated to the sub-tasks are shown
in Figure 6,

For a given T graph, Figure 6 shows that the degree of "mesh" of the task

gystems of P, and p, may vary considerably, In (1) and (3), these systems are

7'1 would like to acknowledge the assistance of S, Pelczynski in the

derivation of this formula,
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P, Q1) P, (2)
p Py
5 ]‘_I.\
] /' \
> Z \ / 1/ N \

t > t. >t z t P, ~ t o t, 7t
1 2 3 4 1 2 3 4
(3) (4)

/ /y \

t, ————% > > 3¢ > > ¢

1 2 3 a 4 2 3 4
Figure 6,

Combined P-T, and T Digraph

temporally separated, but in (2) and (4) co-ordination is required if the total
task is to be completed,

The amount of inter-position co-ordination not only depends, however, on
the particular allocation of tasks to positions., It also depends vpon the T
graph. Figure 7 depicts digraphs siiowing some of tihe ways in which the T graph
may produce different kinds of irter-position co-ordination,

A quantitative index of inter-position co-ordination can be derived using
matricess. Let [TT] be the adjacency matrix for the task precedence digraph,

In this matrix, the rows and columns correspond to sub-tasks and the entry

8For an outline of the connections be tween digraphs and matrix operations,
ece Harary, Norman, and Cartwright (1965, ch. 5).
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(5) (6)
Py

y;

tl Q‘/

(7) (8)

/ ..
N
~ . \r>/\

e

Py
\
t
1l \\\\\\\\\\\‘ ///// t4
i X t, zZ |

(aa
(24

\\&
2N

-

t
2 t

o~

Figure 7,

Combined T and P-T Digraphs

t .t . ;
1ty = 1 if line titj is.in the T grarh, while titj = 0 1f line titj is not

in the T graph, Let [PT] be the task allocation matrix where entry pitj = 1 {if

sub-task tJ is allocated to P, and entry pitJ = 0 if sub-task t1 is not allocated

to p,.

Let LPT]I be the transpose of this matrix, This is obtained from [?T]fby
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interchanging its rows and cclumns, Thus, the {, j entry of [PT]l is the same
a8 the 3, 1 entry of [PTJ .

Consider the digraph (1) in Figure 6 (reproduced as Figure 8),

Py p

Figure 8,

Combined T and P-T Digraph

For this digraph, the corresponding matrices are

Sttty tn
t, o 1 0 0 S
L t, |0 o 1 0 p |1 1 0 0
LTT]= [:pT]a
t3 0 0 0 1 p2 0 0 1 1
~ -
t, |0 o 0 0
~ - 1
- N
) 1 0
) 1 0
[pr)! =
0 1
0 1

~ -

*
Usipg matrix multiplication, the matrix [PT] is obtained.

t t, t3 t )
. P, 0 1 1 0
PT ={PT|*| TT =
p 0 0 0 1
. 2
N

J
The [PT]matrix gives for any p:l the number of paths of length 2 connecting p:l to

pJ. The number of paths of length 2 from p1 to t2 in the digraph is 1, and tiiis

L R — e~
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*
is showr in entry p1t2 of the rPfJ matrix. The number cf paths of length

"~ "‘_1
n from pi to t, 1s given by entry pitj in the matrix formed from[PT]vtrT n o

J
The matrix [PP| 1s obtained by multiplying [PT]” by [T 2,

[ep] = (p7)* - [pr)? = |1

01

The entry pipj of this matrix gives the number of times a sub-task allocated to

p, must follow consecutively a sul-task allocated to P

J

In Figure 8, p, "changes over" to p, on the completion of t Also, p,

2.

changes to p1 on the completicua of t As shown, in [PP] , entries plpz, and

1.
PP

l
The matrices associated with digraphs (2) - (8) are listed below, The

interpretation holds for all cases,.

@ W2 @ 2]
op 1 1] LR
160 01
L E L p
- - - -
. 11 : 02
(6) 10 (7 01
(8) o1

An index of inter-position co-ordination will increase as the number of
"changes' from p, to p, increases, Also, for a fixed number of such changes,
the index should be greater where the number of positions is less, An inverse
index that seems to #it their requirements well is

COo ¢ = Sum of entries in main diagomnal
p Sum of all entries

i.e., CO& = ¥ diagonal
Z total
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The values for Cu__ for the situations in Figure 6 are

pt
Situation SSBE

1 0.67

2 0.00

3 0.€7

4 0,33

This means that inter-position co-ordination is greatest for situation 2 and
least for 1 and 3, with 4 intermediate,

A big advantage of an index such as Copt is that it can be calculated
from quite complicated digraphs, copt for e complicated task will be calculated
thus, Suppose that a given group task carn be divided into two sets of tasks
such that any task of the second set can only be completed if one or more tasks
of the first set are completed, This type of situation could occur when the
first set of tasks required observations of pointer reading, e.g., in an ajr-
plane cockpit, and the second set of tasks involved instrument adjustments., An
instrument adjustment could only be made if, say, two pointer observations had
been made, Let the total number of tasks be 12, and the number of positions be

3. A possible T giraph is shcwn in Figure 9,

‘s . 11 /
te ”\5\52 /
\"\_ N
\5\\5-/
Figure 9.

T graph




31,

A possibla P graph is shown in Figure 10.

P, Py Py
7' / \ /\
.////f YC\\\\ ////////\\\ ! \
th B ot Y t, Yy Y Yo t; % th t2
Figure 10,
P-T digraph
220
For this situation [Pé] =121 and Copt = 7/12 = 0,58,
103

Other indices could be constructed from the [PP] matrix, Thus, - task
load index could he given by the total sum of all entries,

3. Task-1Task-Relations

The relationships between the tasks of a group may be depicted ina T
graph, the points of which are tasks and the directed lines of which stand
for precedence relationships----the order in which the tasks are to be done,

For example, Figure 11 represents a possible T graph,

/\
DN

Figure 11,

T graph

The job has a beginning (tl) and an end (ts), and the completion of the

whole task system is the goal of the group, It is possible to reach t8 and

t

attain the goal by three alternate complete paths, These aro tl' t6' 8
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t

1, t t From the T-graph it is possible

20 Y30 Ty ts tgi by to, T,y by, t.

to develop further indices which are useful for the comparative analysis of

tasks,

Consider the notion of inter-tacsk co-ordination, that is, setting the

tasks in order so chat the goal might be reached. Intuitively, it appears that

a group task requires more cc-ordination ss the number of precedence re¢lation-

ships hetween tasks increar<s. Consider a 4-person group with four tasks

such that each person has one task, The possidle ways of ordering the tasks

are set out in Figure 12,

The digraphs set out in Figure 12 are incomplete T-graphs because no

beginning task has been specified, For calculating an inter-task co-ordination
. index, these initial tasks will be left out, The graphs themselves resemble

the types of networks used for ttudies of communication, The inter-task-co~- -

ordination index can be expressed as the sum of the distances from one point to

all others, summed over all points. For instance, in graph 1, the distanc-s

irom tl to tz, t3, t, respectiveiry are 1, 2, 3, The distances from t, to t

4 2 3’
t4 are 1, 2 respectively, The Ctt for graph 1 then is

(Q+2+3)+QA+2)+ Q)+ (&) =10,

Q) (2)
t > ty ty
2 3 \\
P
ty
Figure 12,

inccuplete T-graph of possible precedence orderings ¢  “our tasks

(Continued on page 33)
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(3) (4

Figure 12,

Incomplete T-graph of possible precedence orderings of four tasks

Ctt for Figure 12 examples (2), (3) and (4) are 8, 7, and 3 respectively.
These figures are tasken to mzan that the distribution of tasks as in (1)
demands more inter-task co-ordination than for (4), while (2) and (3) make
intermediate demands.

Formally, tken, the Ct index is constructed by (a) forming the digraph

t
D consisting of all task: except the beginning task; (b) calculasting the Ctt

index value from

where n = number of tasks in the sub-set of tasks wvhich excludes the initial

task a, = the distance sum from task t, and is equal to the sum of the

i i
finite distances (ti’ tn), for all i, n,

Another property of the T-graph depicted in Figure 12 is the number of
alternative paths from the teginning to the end, It would be desirable to
have gome method of finding the number ¢ ® alternate paths in a group task
(ct, goal path wultiplicity, Shaw (1963) ). It appoars possible to use some
theorems of digraph theory developed by Harary, Norman, and Cartwright (1965).
The theorems are concerned with the number os Daths of given length in s digraph,

Consider Jdigraph (2) in Figure 12, The points and lines cf this digraph can

be represented by an adjacency matrix (d) in which the rows and columns corres-
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pond to points of D and the entry a1J = 1 if line titJ is in D, while a,; = 0

if titJ is not in D,

A(D) =

Q = O

© © O O
cC © O =
© O O »m

In order to csalculate the number of ps2int-line sequences in D of length
n, the nth power of the matrix is computed. In A(D)n the 1, j entry is the

number of sequences in D of length n from t, to t,, A point-line sequence is

i J
an alternating sequence of points anu lines which begins and ends with a point
and has the property that each line is preceded by its first point and follow-
ed by its second point. There is no restriction on the number of times a point
or line may be repeated in the same sequence, Not all sequences are paths,
since it is poesible for the same point to be encounte.ed more than once,

Let Pn be the matrix whose i, j entry is the number of path3 of length

n from t, to t., A sub-graph D, is now specified which is obtaired from A(D)

i J J
+
by replacing every entry ia the J’h row and gth column of A by O, Let P“(DJ)
be the matrix of n-paths in D,. According to Theorem 5,26 (Harary, Norman, &

J
Cartwright, 1965) the matrix Pn of n-paths of digraph D may be expressed in

terms of the matrices of (n-1) paths of each cf Jts sub-graphs D, by specifying

J
its columns: the Jth column of Pn is the same as the Jth column of the product
Pn-l(DJ) O A(D) for J = 1, 2, sacePe

This theorem will be illustrated using the digruph D with four points

shown in Figure 12(2),

L4 Y X oo - - -

T I— o ~ e P S o P ey . 4 [ -
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; N
] i =
Pl(D) =0 1 2 O PR(D4) 0 1 10
0O 0 0 1 0O 0 0 O
0O 0 0 1 0 0 0 O
0O 0 6 O 0 0 O O
2 > A I
7 N\
, . _ N
Pl(Dz) =0 0 1 O pl(Dl) =0 0 0 O
0O 0 0 O 0 0 01
0 0 01 0 0 01
0O 0 0 © 0O 0 0 0
L4 A ~ -
( N
=) M
pl(DS) 0 0 0
90 0 0 1
0 0 0 90
0 0 0 O
~. ~

Calculating the Jth column of the product Pl(D ) *A(D) for =1 ....4

J
the matrix of two paths of D is found to be

J/ N
Pz(D) =0 0 0 2
6 0 0 O
0 0 0 ¢
0 0 0 0
~ /

This matrix indicates that there are only two paths of length 2 in D and

these are both from t. to t as can be verified by inspection in this simple

1 q’
case,

The relation of the above procedure to the ''Critical Path Method" (Shaffer,
et al., 1965) will te obvious.

Clearly, the specilications of the three indices for inter-position col-
laboration, intcr-§osition co-ordination, and nter-task co-ordination give
greater precision to the previously rather vague definitions of "co-operation"
and "task complexity”" or ''task difficulty.” Further investigation of the

properties of the interaction between these indices 1is possible, but is beyord

th. scope of this report,

I—— ™
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Summary

A beginning has been made towards an analysis of group tasks. Structural
role concepts are used to relate the task system to other elements of a group,
and indices are derived to measure the amount of inter-position coilaboration,
intar-position co-ordination, and inter-task co-ordination demands, A way of
conceptualizing goal path multiplicity in terms of digraph theory is also given,

A general problem in need of !avestigation is the manner in which a task
system may generate d}fferent sets of relationships in the P graph and the H
graph, One example is that when two positions have to collaborate in a task, a
communication relationship must be set up between these two positions in addition
to any power relationship already defined on them, These relationsiiys in turn
will generate one or more informal relationships such as liking, deference or
admiration,

A practical problem associated with the applicaticn of this type of task
analysis concerns the identification of sub-tasks, In order to draw a digraph
representing an actual group task it is necessary, firstly, to identify the con-
stituent sub-tasks and secondly, to specify the precedence relationship ordering
these sub~tasks, In some groups, it is relatively easy to represent the group
tasks, e.g., for an assemblv line in an automobile f. _tory. Before the finished
product can be completed, there are a series of opergtions performed by men on
machines and materials, These operations are either capable of being identified
~+ are explicit in the production plan. Furthermore, precedence relationships
are generally explicit or are obvious from the actual layout of the material
flow systen,

For other tasks, the sub-tasks and precedence relationships cannot be casily
inferred from observation of physical operations or material flow systex, In

problem-solving tasks, the sub-tasks may be best inferred from ar analysis o?f

e SN - = = =]
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the problem itself, Necessary steps in rcasoning or calculating are generally
identifiable,

In some tasks, however, neither physical mor logical opecrations may be
used as a basis ofr drawing the T graph. Theoretical analysis, rather than
"empirical” or ''logical' analysis must be used. An example is a creative task.
When a novel product is required, then there are no routine physical or logical
sub~tasks, If a T graph is to be drawn, then it must be done with a particular
theory of the creative process. Thus, the procedures for applying this task
analysis may vary according to the type of task, A further difficulty is the
level of analysis to be used., For a discussion task, should it be represented
a5 one task, ''discussion,” or a number of sub-tasks .e,g., opinion-expressing,
opinion-evaluating, etc.}? What level of analysis is used cCepends partly on
the theoretical problem being investigated. So, generally, the interpretation
(or operaticnal definitien) given to ''sub-task' depends n the type of task,
the purpese of the investigation, and the careful ingenuity of the investigator.

It is important to note however, that this problem of the level of analysis
is not a difficulty unique to the structural role thoery approach to task des-
cription, Indeed, the problem is general wherecver operational definition is
used in the absence of established conventions for measurement., Within this
limitation, it appears that the method of task analysis described in this report
represents a substantial advance in that it

(a) deals with a comprehensive set of group elements and relationshipe

(b) provides a way of relating the task system to group structure end

process

(c) develops a set of indices to describe some of the ways in which persons

chlwbist

and positions in a group may be related to the task structure,
These indices give precise quantification and may be used quite generally to

d .cribe the task structure of a wide range of groups,




38,
REFERENCES

Altman, J, Aspects of the criterion problem in small group research. I Be-
havioral domeims to be studied, Acta Psychol., 1966a, 25 101-131,

Altman, J, Aspects of the criterion problem in small group research, II The
analysis of group tasks, Acte Psychol,, 1966k, 25, 199-221,

Anderson, I, & Fiedloer, F, The effects of participating and svpervisory leader-
ship on group activity. J, Applied Psychol, 1964, 48, 227-236,

Baldamis, W, Efficiency and effort. London: Tavistock, 1961,

Bales, R, F, Interaction process analysis: A method for the study of small
groups, Cambridge, Mass,: Addison-Wesley, 19850,

Bavelas, A, Communication patterns in task groups., J, Accoust., Soc, Amer,,
1950, 22, 725-730,

Bendix, R, Max Weber, New York: Doubleday, 1962,

Carter, L, F., et al A furtker investigation of the criteria of leadership.
4, Abnorm, S8oc. Psychcl,, 1950, 227 350-358,

Christie, L, S, Task types and requirements for organization, JTa J, F, McClos-
ky & J, M, Coppinger Eds,), Cferations research for management. Baltimore,
Maryland: Johns Hopkins Press, 1956, 508-537,

Coombs, C, H, & Statter, G, A, A factorial approach to job families, Psycho-
metrics. 1949, 14, 13-42,

Emery, F, E, & Trist, E, L, Socio-technical systems. In Management sciences:
models and techniques. London: Pergamon Press, 1960, II,

Fiedler, F, E, A contingency model of leadership effectiveness., In L. Berko-
witz (Ed.), Advances in experimental social psychology, New York: Academic
Press, 1964, Vol, 1, 150-191,

Fledler, F, E, The effect of cultural heterogeneity, leader power, and leader
attitudes on group performance: A test of the contingency model, Tech-
nical Report No, 25, ONR, Urbana, Illinois: Group Effectiveness Research
Laboratory, University of Illinois, Augu. 1965,

Golembiewski, R, T, The small group, Chicago: University of Chicago Press,
1962,

Guest, R, H, Organizational change: The effect of successful leadership.
Homewood, Illinois: Irwin, 1962,

Eeckman, J, R, Effects of task characteristics on group products, Technical
Report No., 5, Urbana, Illinois: Group Effectiveness Research Laboratory,
University of Illinois, 1966,

Harary, F., Norman, R, & Cartwright, D, Structural models, New York: Wiley,
1965,

TN v

FU



—u ssSaaasSaSSSS—— o RERRL

5 3 ‘90
Hare, P, Handboos of small group research, New York: Free Press, 1962,

Herbst, P, G, The measurement of family relaticnships, Hum., Relat,, 1952, 5,
3-35,

Herbst, P, G, Analyses and measuremen:t of a situation, Hum, Relat,, 1953, 6,
113-139.

Katz, D, & Kahn, R, L, Leadership practices in relation to productivity and
morale, In D, Cartwright & A, Zancder (Eds,), Group dynamics, New York:
Harper, 1953, 612-628,

Lafitte, P, Social structure and personality in the factory., London: Routledge
and Kegan Paul, 1958,

Leavitt, H, J, Some effects of certain communication patterns on group perfor-
mance, J. Abrorm, Soc, Psychol,, 1951, 46, 38-50,

Lewis, H, An experimental study of the role of the ego in work: 1I. The role
of theego in co-operative work, J. Exp, Psychol.,, 1944, gi, 113-126,

McCormick, E, J,, Finn, R, H,, & Scheips, C, D, Patterns of job requirements,
J. Appl. Psychol,, 1957, 41, 358-3¢4,

McGrath, J, E, Systems of information in small group research studies, Hum,
Relat., 1963, 16, (3), 263-277,

McGrath, J, E, Social psychology: A brief introduction, New York: Holt, Rine-
hart, & Winston, Inc,, 1965,

McGrath. J, E,, & Altman, I, Small group research, New York: Holt, Rinehart,
& Winston, Inc,, 1966,

Martingdale, D, Socioslogical theory and the ideal type, In L, Gross (Ed.),
Syrposium cn sociological theory. Evanston, Illinois, 1959, ch, II,

Morris, C, G, Effects of task characteristics on group process, Unpublished
doctoral dissertetion, University of Illinois, Urbana, 1965.

Morrissette, J., Pearon, VW., & Switzer, S. Mathematically defined task for the
study of group performance. Hum, Relat., 1965, 18, 187-192,

Mulder, M, Group structure and group performance, Acta, Psychol,, 1959, lﬁ'
356-402,

Oeser, 0, A, & Harary, F. A mathematical model for structural role thecry, I,
Hum, Relat., 1962, 15, 89-109,

Oeser, O, A, & Harary, F, A mathematical model for structural role theory, II.
Hum, Relat., 1964, 17, 3-17,

Oeser, O, A, & O'Brien, G. A mathematical model for structural role theory, III.
The analysis of group tasks., Hum, Relat,, (in press),




40.

Palmer, G, J, & McCormick, E, J, A factor analysis of Job activities,
J. Appl, Psychol,, 1961, 45, 289-295.

Rice, A, K, Productivity and social organization, The Ahmedabad experiment,
London: Tavistock, 1958,

B eotbaste B idars ot so trn s et

Rice, A, K, The enterprise and its environment, London: Tavistock, 1963,

Roby, T, B, Subtask phasing in small groups. In Joan H, Criswell, H, Solomon,
& P, Suppres (Eds,), Mathematical methods in small group processes.
Stanford, California: Stanford Univercity Press, 1962, ch, 18,

Roby, T. & Lanzetta, J, Considerations in the analysis of group tasks,
Psychol, Bull,, 1958, 55, 88-101,

Roseborougn, Mary E, Experirental studies of small groups. Psychol, Bull,,
. 1953, 50, 275-303,

Shaffer, L, R,, Ritter, J, B,, & Meyer, WV, L, The critical path method,
New York: McGraw-Hill Book Co., 1965,

Shaw, M, S8caling Group Tasks, Technical Report Yo, 1, University of Florida,
July, 1963,

’ Shaw, M, Cormunication networks, In L., Berkowitz (Ed,), Advances in experimen-
tal social psychology, New York: Academic Press, 1964, Vol, I,

Thibaut, J. W, & Kelly, H, H, The social psychology of groups. New York: John
Wiley, 1961,

Thomas, E, J, Effects of facilitative role interdependence on group functioning,
Hum, Relat,, 1957, 10, 347-366,

Trist, E, & Bamforth, K, W, Some eccial and psychological consequences of the
longwall method of coal-getting. Hum. Relat,, 1951, 4, 3-38,

Thurstone, L, & Chave, E, J, The measurement of attitudes. Chicago: University
of Chicago Press, 1929,

Trow, D, B Autonomy and job satisfaction in task-oriented groups, g. Abnorn,
Soc, Psychol., 1957, 54, 204-209,

Weber, M, The methodology of the social sciences. Illinois: The Free Press,
1949,

Weick, K., Laboratory experimentaticn with organizations, In H, March (Ed.),
Handbook of organizations, New York; Rand McNally, 1965, 194-260,

Wilson, A, T, M,, Trist, E, L,, & Curle, A, Transitional communities and social
reconnection, In G, E, Swanson, T. Newcomb, & E, L, Hartley (Eds., rev, edn)
Readings in social psychology. New York: Henry Holt & Co,, 1952, 561-579.




DD form 1473

1,

2a,

7.

b,

8a,

8b,

c.
d.

9a,

10.

DOCUMENT CONTROL DATA ~ R&D

ORIGINATING ACTIVITY (Corporate author)
Group Effectiveness Research Laboratory
Department of Psycholagy
University of Illinois, Urbana, Illinois

REPORT SECURITY CLASSIFICATION
Unclassified

REPORT TITLE
Methods of Analyzing Group Tasks

DESCRIPTIVE NOTES (Type of report and inclusive dates)
Technical Report,

AUTHOR(S)

Gordon O'Brien

REPORT DATE
January, 1967

TOTAL NO, OF PAGES
42

NO, OF REF,

52

CONTRACT OR GRANT NO,

Nonr 1834(36)

PROJECT NO,

2870

NR 177-472

ARPA Order #454

ORIGINATOR'S REPORT NUMBER

Technical Report No, 46

AVAILABILITY/LIMITATION NOTICES

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED

4



DD form 1473

12. SPONSGRING MILITARY ACTIVITY

Department of the Navy
Ofiice of Naval Research
Group Psychology Branch

13, ABSTRACT

In this report, it is argued that description and classification of

group tesks can best be approached from n theoretical rather than empirical
or factor analytic perspective, It is pointed out that previous attempts at
task classification generally focus cn one of three aspects of the task
and group situation, The litorature of group task analysis dealing with each
of these aspects is then reviewed, and it is pointed out that each kind of task
classification can be comprehended as an attempt to discriminate different
relations éxisting between various elemsnts of the tusk and group structure,
The contribution of these attempts to a theoretically useful taxonomy of tasks
is evaluated,

Structural role theory is introduced as a theoretical framework which
leads to a system for classifying tasks, Digraph theory and matrix algebra
are then applied to the problem of task definition, and indices for the measure-
ment of some important group task dimensions (inter-position collaboration,
inter-pnsition co-ordination, inter-task co-ordination, and goal path multipli-
city) are derived. The report concludes with a brief discussion of the problems
and advantagers of application of the structural role theory method of task
analysis,

14, KEY WORDS

Group tagks

Structural role theory
Co-operation

Goal path multiplicity



